
Mike Herman AFC Workshop, Bethesda  
August 10-12,  2006

Computational needs:
Global approach to Nuclear Data 

evaluation

Mike Herman*
National Nuclear Data Center

Brookhaven National Laboratory

*Email: mwherman@bnl.gov

Brookhaven Science Associates



2Mike Herman AFC Workshop, Bethesda  
August 10-12,  2006
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Nuclear reaction code EMPIRE

Input 
parameter library

- Masses
- Deformations
- Optical Model Pot.
- Levels & Decays
- Level densities
- γ-strength functions
- Fission barriers

225 MB 

ENDF-6
formatting

Atlas-06
Neutron

resonances

Preprocessing 
Merging
resonances

- cross section
- spectra
- ang. distr.
- ddx spectra
- g production
- isomeric xs

Output

EXFOR

420 MB

Exp. data 
retrieval

ENDF-6
formatted
file

Checking codes 
CHECKR, FIZCON
PSYCHE, NJOY

EMPIRE core
- Spherical Optical

Model
-Direct reactions 
(DWBA, CC)

-Optical Model 
parameters fitting

-Preequilibrium
(MSD,MSC,,exciton,
HMS,cluster and  γ
emission)

- Statistical decay 
(Hauser-Feshbach,
HRTW, γ-cascade
multi-humped and
multi-modal fission)

70k lines

96k lines

Plots
- PLOTC4
- ZVView

Graphic User Interface
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EMPIRE+KALMAN
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for model 

parameters
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Global Nuclear Data Initiative

Perform model calculations on ~400 nuclides
Run benchmark calculations for ~700 integral 
experiments
Produce microscopic & integral sensitivity matrices to 
model parameters 
Adjust model parameters to microscopic & integral 
measurements
Iterate to produce consistent libraries of nuclear cross 
sections and of model parameters (both with 
uncertainties/covariances)
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Global Nuclear Data Initiative
EXFOR

Input
library

Atlas of
neutron

resonances
EMPIRE

Microscopic 
experiments

Cross sections
sensitivities

KALMAN

Covariances

Cross 
sections

ENDF
file

Iteration repeated
for 400 nuclides

KALMAN

Integral
experiments

NJOYMCNP
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New aspects & advantages

Use of cross sections for determination of 
model parameters
Use of integral experiments for determination 
of parameters
More consistent and reliable evaluations
Improved set of model parameters
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CPU time estimate

• Assumptions (for single 
3GHz PC):
– 400 nuclides
– 50 parameters/nuclide
– Single model calculation 

(1 nuclide up to 20 MeV) 
– 20 min

– benchmark sensitivity to 
a single parameter 500 
min 

– full library benchmark 
400 000 min

• Single iteration (min):
– Model calculations:

400 X 50 X 2 X 20 = 800 000
– Benchmark parameter-sensitivity:

400 X 50 X 2 X 500 = 20 000 000
– Library benchmarking:

400 000
– Total:

~21 000 000 min = 40 years

• 1 iteration per week - 2100 
CPU’s 
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